Objective: A physician assistant home care (PAHC) program providing house calls was initiated to decrease hospital readmission rates. We evaluated the 30-day readmission rates and diagnoses before and during PAHC to identify determinants of readmission and interventions to reduce readmissions.
The average length of stay for cardiac surgery patients has decreased over time, but their acuity and comorbiditites have increased, resulting in a high rate of readmission often requiring expensive procedures. [1] [2] [3] Many patients recovering from cardiac surgery are elderly; some live alone and may have little or no family support. [4] [5] [6] Therefore the early postoperative period presents significant physical and emotional challenges. 4, 7 Hannan and colleagues 1 found that in New York State the 5 most common 30-day readmission diagnoses following coronary artery bypass graft (CABG) procedure were postoperative infection (16.9%), heart failure (12.8%), other complications of surgical and medical care (9.8%), cardiac dysrhythmia (6.3%), and angina (4.7%).
A few studies assessing long-term follow-up of patients undergoing CABG procedure who received home intervention showed favorable outcomes. 4, [8] [9] [10] Lie and colleagues 9 implemented a home-based intervention program that included two 1-hour visits by a trained nurse (with a master's degree) along with psychologic support and education. 9 There is little documentation of physicians or physician assistants (PAs) making home visits. In the field of general surgery, Shapiro and colleagues 11 measured if a surgeon's visit to a patient's home improved medical outcome and concluded that the physician's visit did not seem to influence outcome; however, it strengthened the patient-surgeon relationship. Our physician assistant home care (PAHC) program was implemented to provide house calls to patients recovering from cardiovascular surgery. The primary objective was to study the influence of a PAHC visit in reducing 30-day hospital readmissions following cardiac surgery. The secondary objectives were to compare the readmission diagnoses during the control and PAHC periods to assess the nature and utility of home-based interventions.
MATERIALS AND METHODS
All patients discharged to home following CABG procedure and/or valve repair or replacement and/or aneurysm repair, or other cardiac procedure from August 1, 2009 , to September 30, 2011, at Staten Island University Hospital, a 714-bed tertiary care facility, were studied. The control group totaled 361 patients from August 2009 through August 2010, and the PAHC group totaled 340 patients from September 2010 through September 2011. Patients who died before discharge or were discharged to nursing homes and rehabilitation facilities were excluded. Both groups were seen in the office on postdischarge weeks 2 and 4. The control group was seen at home by standard visiting nurses without any specialty training or expertise in caring for cardiac surgery patients.
The PAHC group was analyzed on an intention-to-treat basis. Hospitalemployed cardiothoracic PAs conducted home visits on postdischarge days 2 and 5, with occasional variation due to patient availability and Sundays, on which no house calls were made. The same hospital-based PAs responsible for perioperative and intraoperative care were assigned to make house calls. During a house call, the PA performed a focused physical exam and reviewed the patient's medications. Adjustments were made to the patient's medications, and new medications were prescribed, as necessary. The surgical wounds were examined carefully and all patient concerns were addressed. Prescriptions were written for antibiotics, blood work, or imaging studies when indicated. Arrangements were made if the patient needed to be evaluated as an inpatient. All findings were documented on the PAHC visit form (see Appendix 1) .
A registry database of the perioperative record, hospital records, and office and house call charts were reviewed. The database review was approved for research by the Staten Island University Hospital Institutional Review Board, which waived the requirement for informed consent on the condition that the subjects' identities were hidden before analytical procedures were performed.
Readmission diagnoses were grouped into 1 of 7 discrete categories: infectious, cardiac, gastrointestinal, vascular, pulmonary, neurologic, and other. Readmission rates were compared pre-PAHC and during the PAHC program, as were readmission diagnosis categories as a percent of total readmissions. Interventions made during house calls were examined and categorized. Data analysis was performed using SPSS 16.0 software (IBM Corp, Armonk, NY). Baseline characteristics were compared across groups using c 2 , Fisher exact test, and t tests, where appropriate. All tests were 2-tailed. Assuming a rate of refusal or exclusion of 10%, a 2-sided type I error rate of 5% and a power of 90%, we calculated that a sample size of 740 patients was required to permit the detection of a 4% reduction in hospital readmission rate.
RESULTS
From August 2009 to September 2011, 1013 patients underwent cardiovascular surgery, 701 (69%) of whom were discharged directly to their home. The control group, from August 2009 through August 2010, totaled 361 patients (51%) and the PAHC group, from September 2010 through September 2011, totaled 340 patients (49%) with a readmission rate of 16% (59 patients) and 12% (42 patients), respectively, a 25% reduction in the rate of hospital readmission (P ¼ .161). Baseline characteristics were comparable in both groups (Table 1) . When comparing the number of patients readmitted by postoperative day, the difference between the control and the PAHC groups was most pronounced in the first 2 postoperative weeks (see Figure 1 ). Readmission categories, as a percent of total readmissions for the control group and the PAHC group, respectively, were: infectious, 44% and 19% (P ¼ .010); cardiac, 20% and 33% (P ¼ .169); gastrointestinal, 10% and 19% (P ¼ .248); vascular, 5% and 12% (P ¼ .445); pulmonary, 5% and 5% (P ¼ 1.000); neurologic, 5% and 2% (P ¼ .639); and other, 10% and 10% (P ¼ 1.000) ( Figure 2 ). Infection-related readmissions, including wound infections (eg, sternal, lower extremity, and thoracoabdominal), pneumonia, and sepsis decreased from 26 patients (44%) to 8 patients (19%) (P ¼ .010) ( Table 2 ). The difference between the 2 groups for infectious readmissions was most pronounced during the first 2 weeks (see Figure 3 ). Table 3 lists the readmission categories as a percentage of each cohort.
Of 340 patients in the PAHC group, 65 (19%) refused PAHC or failed to respond to requests to schedule a house call. Of 275 patients (81%) who received home visits, 173 (63%) were seen twice, 99 (36%) were seen once, and 3 (1%) were seen 3 times for a total of 454 visits, an average of 1.7 visits per patient. Of 42 patients readmitted during the PAHC period, 18 (43%) received 2 visits, 13 (31%) received 1 visit, and 11 (26%) had no visits. A total of 454 house calls to 275 patients prompted a total of 122 interventions (Table 4 ).
Of 122 interventions documented during house calls, 110 (90%) were medication related ( Table 5 ), including 37 adjustments of diuretic medications (30%), 15 changes to medications for hypoglycemia (12%), 12 prescriptions for antibiotics (10%), 11 prescriptions for stool softeners/ laxatives (9%), and 9 adjustments to beta-blocker medications (7%). The remainder of medication interventions were limited to 5 or fewer interventions (4% or less of total interventions) each and included antihypertensive medications, inhalers, analgesic medications, anticoagulant medications, aspirin, steroids, antiarrhythmia medications, antihistamine medications, antitussive medications, hypnotic agents, and proton pump inhibitors. Active wound care interventions were documented in 3 patients (2%). Imaging studies were ordered for 9 patients: 3 (2%) underwent a chest radiograph and 6 (5%) underwent venous duplex exams ( Table 2) .
Our PAs are employed by the hospital and the home visits were incorporated into their daily schedule. Other than time spent away from the hospital, the only additional cost was travel expenses ($0.55 per mile) incurred while driving to patients' houses, which averaged about $190/month for the volume encountered during the 13-month period.
DISCUSSION
Studies have revealed that social support improves patient health and compliance with recommended treatment and medications. 6, 12 Different methods have been described to aid patients undergoing CABG procedure in their recovery at home and improve functionality, adherence to therapy, and recognition of complications. 6 PM institutions have tested if keeping in touch with postoperative patients at their home can provide guidance in recovery and glean helpful information. A telehealth device was used for a period of 12 weeks to assess symptoms, educate on recovery, and provide positive reinforcement. The intervention resulted in the group having fewer emergency room visits compared with the control group. 15 There is evidence that communication with a patient at his or her home can help reduce rates of hospital readmission. 15, 16 Another study followed patients undergoing CABG procedure after home visits by nurses and found reduced anxiety levels among both patients and family members. 7, 17 Barnason and colleagues 6 found that only 1 in 5 patient relatives who will be providing help at home feel adequately prepared for the patient's discharge from the hospital. Health care professionals can extend their expertise and technical knowledge to a patient's family to help in recovery.
The findings of this study suggest that house calls made by highly trained cardiothoracic PAs can reduce the hospital readmission rate following cardiac surgery. The critical feature of this initiative was using the same PAs responsible for perioperative and intraoperative care for the follow-up visits, rather than employing outpatient-based visiting nurses who exhibit a much lower threshold for emergency department referral. Retrospective analysis of a 26-month experience (13 months in a control group and 13 months in a PAHC group) yielded several interesting findings. The overall readmission rate was reduced from 16% to 12%, a 25% reduction (P ¼ .161). By sorting all readmissions into 7 broad categories (infectious, cardiac, gastrointestinal, vascular, pulmonary, neurologic, and other) we discovered which readmission diagnoses were reduced by home visits. We believe the 2 most common categories of readmissions are, fortuitously, the most amenable to reduction by PAHC.
The most common readmission diagnosis was infection related, and this was the most dramatically reduced by PAHC from 44% to 19% of readmissions (P ¼ .010). It is self-evident that a home visit facilitates earlier diagnosis and treatment of a wound infection, but more surprising is the reduction in readmissions (from 8 patients to 1) for pneumonia and sepsis. Although the numbers are too small to demonstrate statistical significance, the difference is striking. It seems unlikely that these complications could be reduced by home visits, but it is possible that early diagnosis and treatment of wound infections or productive cough may indeed play a role in avoiding pneumonia and sepsis by preventing delayed presentation. A larger sample size would have produced a more definitive answer. The baseline characteristics of both groups were comparable and no other changes in infection control or antibiotic prophylaxis were initiated during the study period.
The second most common readmission diagnosis was cardiac related. Before PAHC we anticipated an overall reduction in readmissions for cardiac-related diagnoses.
Our mixed results are difficult to explain other than by small sample size. Although congestive heart failure readmissions decreased from 4 to 0, atrial fibrillation readmissions increased from 3 to 8. Interestingly, diuretic medications were adjusted at 4 times the rate of beta-blockers (37 vs 9, respectively) during home visits. Finally, the incidence of atrial fibrillation requiring readmission seemed by chance to be unusually low in the control group. It is understandable why other cardiac-related diagnoses such as myocardial infarction, pericardial effusion, syncope, and near-syncope were unaffected by home visits.
Gastrointestinal-and vascular-related readmission diagnoses are essentially unpreventable, and included upper and lower bleeding, cholecystitis, ileus, small bowel obstruction, incarcerated inguinal hernia, deep venous thrombosis, pulmonary embolism, and lower extremity acute arterial occlusion. Readmissions for neurologic diagnoses, including cerebrovascular accident, transient ischemic attack, and confusion are also largely unpreventable; however, anxiety may be a preventable condition. Although we had only 1 admission for anxiety in the control group, we had none during the PAHC period, and it is conceivable that reassurance by a PA with or without prescription of an anxiolytic drug may have played a role. Pulmonary-related hospital readmissions seem to be a mix of preventable and nonpreventable diagnoses. Although pneumothorax is unpreventable, chronic obstructive pulmonary disease exacerbation may be, and pleural effusion can be, diagnosed and treated on an outpatient basis. Most of the diagnoses in the ''other'' category are not remedied by house calls; however, it is interesting to note that readmissions for musculoskeletal pain decreased from 2 to 0, and for edema decreased from 1 to 0. It is possible that PA-directed use of analgesia and diuretics during home visits may have contributed to this finding, but we are unable to prove it.
A total of 122 interventions were made over the course of 454 house calls, indicating that 27% of visits prompted an intervention. A total of 122 interventions on 275 patients suggests an interventional rate of 44%; however, knowing that some patients received 2 or more interventions on the same visit, the true rate of patients requiring an intervention is lower. By far the most common intervention was medication adjustment (90%), followed by imaging studies (venous duplex 5% and chest radiograph 2%) and wound care (2%). The most common home intervention, diuretic adjustment in 37 patients, correlates well with the decrease in readmissions for congestive heart failure from 4 to 0, and edema from 1 to 0. It is surprising to note that despite the significant decrease in readmissions for infectious diagnoses, only 15 of the 122 interventions at home specifically addressed infections (antibiotic prescription and wound care). However, 5 of the interventions for hypoglycemia were initiation or increase of medication that promoted normoglycemia and may have contributed to lowering the rate of infection-related readmissions. The very act of inquiring about blood sugar monitoring and finger stick results may have reinforced dietary and medication compliance in patients where no adjustment was indicated.
Because this was an intention-to-treat analysis, it is important to note that during the 13 months of our PAHC program, 65 patients either refused home visits or accepted but subsequently did not answer the telephone when called to schedule a time for the home visit. We did not combine the results from these patients to our analysis of the control group, realizing the inevitability of some patients refusing or failing to arrange at least 1 home visit (19% in our experience). Nevertheless they may be considered as a control group for the purpose of discussion. Of these patients, 59 (91%) were seen in the office in the same manner as the control group, 10 of whom (17%) were ultimately readmitted to the hospital within 30 days of surgery. Six patients were seen neither at home nor in the office, and 1 (17%) was readmitted. Again, despite the numbers being too small to be useful statistically, they are remarkably consistent with the overall readmission rate in the control group (16%).
Of patients readmitted during the PAHC period, 18 (43%) received 2 visits, 13 (31%) received 1 visit, and 11 (26%) received no visits. This finding is counterintuitive and difficult to explain. We may only speculate that some of the patients who refuse visits are healthier, have fewer comorbidities, and therefore deem house calls to be an unnecessary intrusion upon their daily routine. As a result, some PAHC refusers may be a self-selected group less likely to require readmission in general, regardless of postdischarge follow-up protocol.
Limitations
Only patients living in Staten Island and select neighboring counties in New Jersey were visited. Patients living beyond our visiting range were not seen. More importantly, we have no data regarding readmissions for patients living beyond Staten Island (33 in the control group [9%] and 25 in the PAHC group [7%]). Some of these patients may have been admitted to other hospitals without our knowledge, although typically we are notified by an admitting hospital or the patient's family.
None of the patients who were discharged to a rehabilitation unit or to a nursing home were visited by a PA. It is unknown how readmissions from those institutions would change the distribution of readmission diagnosis. Home visits were offered to every patient discharged to home; however, it is possible that those who refused house calls may introduce a selection bias. Finally, the small readmissions total is an important limitation.
CONCLUSIONS
Our PAHC program reduced the 30-day postoperative hospital readmission rate by 25% in patients who were discharged to home. By making house calls we significantly reduced hospital readmissions for infectious reasons and decreased readmissions for some cardiac, pulmonary, and neurologic diagnoses. Readmissions related to gastrointestinal and vascular diagnoses were not reduced by home visits. The most common intervention made during PAHC visits was medication adjustment, most commonly to diuretics, hypoglycemics, and antibiotics.
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Discussion
Dr Anthony R. Furnary (Portland, Ore). John, you have presented a very interesting concept and a nice piece of work. I have a few questions for you and I want to be clear. The reduction in admissions was due to a reduction in infection, so the overall group was carried by the reduction in infection?
Dr Nabagiez. Right. Dr Furnary. In the interventions you describe there were only 5 patients who received antibiotics, so it seems to me to be a little discordant. How does a home visit and maybe prescription of antibiotic medications reduce overall admission rates?
Dr Nabagiez. I had the same question. There were a couple instances of wound care. There may have been more that were not documented on the home care sheet, perhaps prescriptions that were not documented. For example, sometimes a physician assistant (PA) will look at a wound and say, ''It does not look so bad, call us if you have a fever in the next 24 hours,'' and the patient will call the office and get a prescription. That office encounter would not necessarily be tracked on the sheet. Additionally, adjustments of medications for hypoglycemia-indeed merely inquiring about compliance with medications for hypoglycemica-might well have played a role. I think that is responsible for part of it. Also, a lot of patients are concerned about their wound and visit an emergency department. As a result, unfortunately, we have some inappropriate admissions. Admissions not based on that wound itself, but just based on the nervousness of the emergency department physician. I think a PA looking at a wound and saying, ''This looks okay,'' prevents those sort of inappropriate readmissions.
Dr Furnary. I think this is a really important point because reduction of inappropriate admissions is probably one of the key factors going on here.
The second question I have concerns the PA visits: They happened on day 2 and day 5. When I look at your control groupand I imagine the same would be true if we looked at those who refused visits-there was a spike of readmissions during the 11-to 14-day period. With that in mind-there were also readmissions in your visit group at 8, 9, 10, 15 , and 18 days-do you think another visit at say 11 or 12 days might be helpful?
Dr Nabagiez. That is a great question. Strangely, even though our PAs only made 2 visits, the effect of seeing patients during the first week seemed to carry through to the second week-at least for infection purposes. I think additional visits may help more in cardiac category patients, who can get into trouble in more different ways. It would be interesting to see if additional visits would make a difference.
Dr Furnary. Exactly. Another visit might help prevent readmissions for congestive heart failure, pulmonary edema, and things like that.
Let's talk about the people who refused to be visited. Do you have any sense as to why they refused a visit? Most people love to be seen by caregivers. Why not put those refusal patients into the control group? They are sort of not-historical controls and they would have added nicely.
Dr Nabagiez. I chose to not put them in with the control group because in every sample you are always going to have refusersyou are never going to get 100% to agree to a visit. I did not want to make it look like our readmission rate was better than it was.
As to why they refused, I do not know. I never actually asked a patient. Some patients-maybe the younger, healthier ones-believed it was unnecessary. Some patients just want to get on with their lives, get back to work. I do not have a good answer for that.
Dr Furnary. All right. Last question: What do your PAs think about this? Who pays for the gas and who pays the PA for their time?
Dr Nabagiez. When conducting home visits was first imposed on the PAs they absolutely hated it. Over the years they have grown to detest it moderately, so we have come a long way. Some PAs are less resistant to it than others and those do it more often. But it works, and they see the results. The PAs are hospital employees, so the visits are included as part of their work schedule for that day. They receive $0.55/mile reimbursement for travel expenses.
Dr J. W. Randolph Bolton (Fresno, Calif). A number of years back we started having our nurse practitioners and PAs call patients the day after they were discharged. I got a lot fewer calls after that.
I have a couple of questions. First, when is your routine followup with the patients in your clinic? Second, why did you choose days 2 and 5? Third, rather than visits do you think a phone call and a return to clinic if appropriate would be a better-less expensive-way of going about this?
Dr Nabagiez. Great questions. I originally had the same thought; why are we going to their houses, why not just have them come to the office more frequently? To be honest, I think that would work just as well. However, there probably would be less patient compliance. I do not know that patients would be willing to come so frequently. Of course, some would show up every day if you asked them but some might not, so it certainly is a valid question.
Dr Bolton. How did you choose days 2 and 5, and when was your routine return follow-up?
Dr Nabagiez. Two and 5 were chosen by the parent institution. I did not have a say in that and I do not know how they came up with it. But it seems to work. Our routine follow-up before the home visits were implemented was basically to see them in the office during postdischarge weeks 2 and 4 and then additional visits if necessary.
Dr Scott Millikan (Billings, Mont). The holy grail of health care cost reduction in this country, as you have touched on, is decreasing hospital readmissions. Has your institution embarked on any financial analysis of your cohorts and can you share any information?
Dr Nabagiez. I wanted to pursue such an analysis, but I also did not want to muddy the waters. So I stuck to just the clinical aspect for this report. I have not run the numbers. I am going to do that with some administrators from the hospital who understand that whole process better than I do. I can tell you-my knowledge of this area is very limited-that there is a concept called transitional loss that involves the diagnosis-related group that you are paid. If you send a patient home early, rather than be rewarded, a fraction of the money goes to the visiting nurse team. So you can save that. And of course the cost of a readmission is saved, but I am sure the total, cumulatively, would be tremendous. I am going to work on that, too.
Speaker. What is the volume of discharges per year, how many nurse practitioners cover those patients, and what was the geographic range that you sent them out to? Dr Nabagiez. The geographic range was Staten Island itself. It is a population of about 500,000. We did conduct some visits to some neighboring counties in New Jersey, but, you are right, some patients lived outside those areas and they did not get home visit follow-up. That was true of both groups-the control and the home visit.
The number of discharges per year for this category of patients (discharged to home) is around 350.
There are several visiting nurse services that we used to use exclusively, but now we just use this.
Speaker. How many nurse practitioners is that? Dr Nabagiez. We do not have nurse practitioners in our practice.
Speaker. How many PAs? Dr Nabagiez. We have about 8 to 10. Speaker. I have a question about length of stay versus readmission. Was there any correlation between length of stay and readmission? That is, are patients with a shorter hospital length of stay more likely to be readmitted? If a patient has a 29-day length of stay, the chance of him or her being readmitted at 30 days is almost zero. Any correlation?
Dr Nabagiez. I did not look into that. It is certainly worthy of investigation. As far as the really prolonged admissions, we did not have those. Typically those patients will wind up in a rehab facility or a nursing home and patients in that situation were excluded from this study. 
